Aims: To investigate the diagnostic value of fecal calprotectin (FC) determined by a new immunofluorescence assay-fluorescence enzyme immunoassay (FEIA) in patient with inflammatory bowel disease (IBD) or functional bowel disease, compared with the typical ELISA kit. Methods: FC was determined simultaneously by FEIA and an ELISA kit in 26 patients with functional bowel disease and 77 patients with IBD. We compared the difference of FC levels between patients with IBD and patients with functional bowel disease. Receiver operating characteristics curve (ROC) was constructed to obtain the optimal cut-off value of FC for distinguishing IBD from functional bowel disease and the corresponding sensitivity and specificity. 41.44 (11.77 ~ 73.19) μg/g among such above three groups of patients respectively, when FC was measured by ELISA kit. The diagnostic value of IBD with FC determined by FEIA (optimal cut-off = 131.79 μg/g) and ELISA kit (optimal cut-off = 121.85 μg/g) presented an area under the curve of 0.881 and 0.873, respectively. Conclusions: FC determined by FEIA was an accurate surrogate marker to distinguish IBD from functional bowel disease.
Introduction
Inflammatory bowel disease (IBD) is a group of non-specific chronic intestinal inflammation of unknown etiology, including ulcerative colitis (UC) and Crohn's disease (CD). In recent years, the incidence of IBD in China has increased significantly [1] [2] [3] . The major symptoms of IBD are abdominal pain, diarrhea, bloody mucopurulent stool and weight loss. At the early stage, most IBD patients only have manifestations similar to functional bowel disease, such as mild diarrhea and abdominal pain, making it difficult for differential diagnosis. The current differential diagnosis of IBD and functional bowel disease depends on endoscopy. However, endoscopy is an invasive examination that patients may have complications such as perforation, hemorrhage, and infection.
In addition, patients have to take laxatives to clean the intestines before examination, which is painful with low acceptance. Therefore, it is in urgent need to find a non-invasive indicator of intestinal inflammation to help clinicians quickly distinguish IBD from functional bowel disease.
Calprotectin is a calcium-binding protein of the S100 protein family. It is mainly from neutrophils, and a small part was found in monocytes and reactive macrophages [4] , accounting for approximately 60% of the total cytosolic protein in neutrophils, so it can be used as a marker of inflammatory activation.
Many studies have found that fecal calprotectin (FC) plays an important role in the identification of IBD and functional bowel disease [5] [6] .
We have developed a new automatic FC detection kit using fluorescence enzyme immunoassay (FEIA) which can quickly and accurately detect FC in a short time. In this study, we aimed to evaluate the assay in the differential diagnosis between IBD and functional bowel disease, and further to explore whether it can be used as an important screening test.
Materials and Methods

Participants
During the period between from April 2014 to December 2014, consecutive 77 patients with IBD (n = 40 for CD, n = 37 for UC) undergoing colonoscopy, who were diagnosed at IBD Center, The First Affiliated Hospital of Sun Yat-sen University, were included in this study. IBD diagnosis for all patients was established with endoscopic and histological criteria at least 6 months before inclusion, according to the IBD diagnostic criteria recommended by the Society of Gastroenterology of the Chinese Medical Association in 2012 [7] . Patients with the drug history of non-steroidal anti-inflammatory drug (NSAID) or proton pump inhibitor (PPI) within previous three months, surgery within previous three months, alcohol abuse, combined gastrointestinal infections, gastrointestinal cancer, pregnancy, combined severe systemic disease of heart, lung, kidney and brain, or indeterminate colitis were not included. Meanwhile this study also included 26 patients, who visited our outpatient department or were admitted to our hospital during the same period, with gastrointestinal symptoms such as abdominal pain, Open Journal of Gastroenterology diarrhea and constipation, but the result of colonoscopy were normal and other gastrointestinal diseases were excluded as the control group (i.e., patients with functional bowel disease). The stools of the two groups were collected.
The study was approved by the Clinical Research Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University, and the specimens were collected with informed consents from the participants.
Sample and Data Collection
10 -20 g stool sample was collected within 1 week before and after the endoscopy examination. All samples were sent and stored at −80˚C within 24 hours.
Stool sample would not be collected within 1 day after the patient took laxatives for colonoscopy examination. The demographic and clinical data such as clinical symptoms and laboratory tests of participants were also collected.
Fecal Calprotectin Determination
In this study, the immunofluorescence kit developed by our hospital and the PhiCal® Calprotectin ELISA Kit (K6927, Germany) were used to simultaneously detect the FC in the samples. The FC content was measured in strict accordance with the kit instructions. If the result could not be measured by diluting the sample at a ratio of 1:50, the dilution ratio could be further increased until it is measured. If a negative value occurred, it would be considered that A value of the sample was lower than that of the blank, indicating that FC content of the sample was very low, and the concentration of these samples would be uniformly set to zero.
The PhiCal Calprotectin ELISA Kit costs 5000 RMB and takes about 6 hours to make 98 samples at a time. Compared with ELISA, the FC immunofluorescence detection method can detect one stool sample alone and only needs about 15 -20 minutes; besides a special immunofluorescence measuring instrument, it does not need a special laboratory and professional laboratory technicians. It is simple to operate and all operations are performed by the instrument.
Statistics Analysis
Statistical analysis was performed using Medcalc 14.8.1 statistical software.
Measurement data that agreed with the normal distribution were expressed with mean ± standard deviation, and t test comparison was used between the two groups. Measurement data that did not agree with the normal distribution were expressed with median and interquartile range (IQR). Wilcoxon test was used to compare continuous variables which were divided into two groups, and
Kruskal-Wallis was used to compare continuous variables which were divided into more than two groups. If Kruskal-Wallis result showed the groups differed and the average rank sum was further compared using the Bonferroni method.
Receiver operating characteristics (ROC) analyses were carried out to determine the test characteristics of FC in the differential diagnosis of IBD and functional Open Journal of Gastroenterology bowel disease. Optimal cut-off values have been calculated based on the highest sum of sensitivity and specificity. In addition, the corresponding sensitivity, specificity and negative predictive value (NPV), positive-predictive value (PPV), negative-likelihood ratios (LR-), positive-likelihood ratios (LR+), and area under the curve (AUC) were calculated. P < 0.05 was considered statistically significant.
Results
Patient Data
A total of 103 patients were enrolled in the study, including 26 in the control group and 77 in the IBD group. The baseline characteristics of enrolled patients are shown in the Table 1 . The average age of the IBD group was lower than that of the control group, and the average age of the CD group was lower than that of the UC group and the control group (p = 0.001).
Comparison of FC in Patients with IBD or Functional Bowel Disease
In the normality test, FC concentration does not conform to the normal distribution, so it is expressed by the median and interquartile range. corresponding sensitivity and specificity were 81.82% and 80.77% respectively.
Through using the ELISA, the optimal cut-off value of FC concentration was 121.85 μg/g, the sensitivity was 81.82%, and the specificity was 84.62%. The results were shown in Table 2 and Figure 2 . Open Journal of Gastroenterology Figure 2 . ROC curve analysis of FC measured by ELISA and FEIA. There was no statistical difference between the AUC values of the FEIA and the ELISA method, with the AUC values of 0.881 and 0.873 respectively. By using FEIA method the corresponding sensitivity and specificity were 81.82% and 80.77% respectively. Through using the ELISA, the sensitivity was 81.82%, and the specificity was 84.62%.
Comparison of the Positive Rates of FEIA and ELISA
According to the results of ROC curve analysis, the cut-off value of the FEIA method was set to 131.79 μg/g, and the cut-off value of the ELISA method was set to 121.85 μg/g. When FEIA was used to measure FC concentration, the posi- 
Discussion
IBD mainly includes CD and UC. Clinical manifestations of IBD overlap with functional bowel disease such as irritable bowel syndrome (IBS). It is reported
that about 10% -20% of the general population complaining of abdominal discomfort and other gastrointestinal symptoms were eventually diagnosed as IBS, about 40% of IBD patients met the IBS Rome III diagnostic criteria [8] , the life quality of 1/3 remission UC patients and about 42% CD patients was seriously decreased due to the presence of IBS symptoms [9] . This brings great difficulties to the clinician's differential diagnosis, so it is often necessary to arrange for colonoscopy to identify patients with similar symptoms of IBS or IBD disease.
More importantly, treatment of IBD is completely different from that of functional bowel disease such as IBS, so it is of great significance for clinicians to quickly, easily and effectively identify these diagnoses from the digestive tract symptoms.
In 1999, Roseth AG found that FC was proportional to the indium-111-labelled leukocytes in the feces, suggesting that FC was highly correlated with neutrophils migration and permeation in the digestive tract, and can specifically respond to gastrointestinal inflammation [4] . Subsequently, it was gradually discovered that FC can be used to distinguish organic intestinal disease (such as IBD) from functional gastrointestinal diseases (such as IBS). Tibble et al. [10] included 602 patients with symptoms of digestive tract discomfort, and found that patients with organic intestinal disease had significantly higher FC concentration than patients with functional bowel disease. The sensitivity and specificity of using FC to distinguish organic intestinal disease from the functional bowel disease were 83% and 79%, respectively (cut-off value was 10 mg/L). Subsequently, Rheenen [11] included 754 patients for meta-analysis, and concluded that the combined sensitivity of the use of FC to distinguish between IBD and IBS was 80.0%, and the combined specificity was 76%, of which CD subgroup patients (sensitivity: 83%, specificity: 85%) was slightly higher than that of the UC subgroup (sensitivity: 72%, specificity: 74%).
In this study, no matter using ELISA or FEIA, the FC concentration of patients with functional bowel disease was significantly lower than that of patients with clinical remission or active IBD. While using FEIA, the optimal cut-off point of FC concentration was 131.79 μg/g. At this time, the AUC of the method Open Journal of Gastroenterology for identifying IBD and functional bowel disease was 0.881, the sensitivity was 81.82%, and the specificity was 80.77%. The ROC curve analysis results of ELISA are similar to that of FEIA. According to the best cut-off value obtained from the ROC curve, the positive rates of the two methods were not statistically different.
The above results suggest that the immunofluorescence assay developed by us is equivalent to the clinical application of FC classic ELISA in the differential diagnosis of IBD and functional bowel disease.
According to the research on FC identification of IBD and IBS, the best cut-off value of FC concentration after ROC curve analysis is set to 8 -150 mg/kg, the sensitivity is about 83% -100%, and the specificity is about 51% -100% [12] . The experimental results of this study are similar to those studies.
However, in recent years, with the improvement of the FC detection method, the sensitivity and specificity of the FC discriminator for organic intestinal disease and functional bowel disease have been increasing, almost all of which are close to 95.0%. Von Roon et al. [13] included a total of 5983 patients in 30 studies for meta-analysis. The FC concentration of patients with IBD was significantly higher than that of patients with IBS. The sensitivity and specificity of assisting diagnosis were 95% and 91%, respectively. Later, Van Rheenen et al. [11] included 670 adults and 371 children with suspected IBD for study. Finally, 32% of adults and 61% of children were diagnosed as IBD by endoscopy and histopathology. The combined sensitivity and specificity by FC detection were 93% and 96%, respectively. Although the results of FEIA and ELISA in the differential diagnosis of IBD and functional bowel disease in this study are similar, the sensitivity and specificity are slightly lower than the recent studies. This may be related to our experimental design and small sample size. We need to further expand the sample size and design different experimental protocols to further evaluate the value of this immunofluorescence assay in the differential diagnosis of IBD and functional bowel disease. The age comparison showed that the mean age of the IBD group (34.74 ± 15.61 years) was lower than that of the control group (45.00 ± 16.00 years), and the difference was statistically significant. Further subgroup analysis found that the mean age of the UC group (44.94 ± 14.09 years) was not different from the control group, mainly because the mean age of the CD group (25.30 ± 10.08 years old), suggesting the average age of patients in the IBD group lower than the control group was mainly caused by the small average age of the included CD patients. However, this is consistent with the epidemiological characteristics of IBD [14] , because CD patients usually occur in adolescents and young people. At the same time, the current literature only mentions that the neonatal FC value is higher, and gradually decreases with age, and reaches the normal level and remains stable at the age of 5 [15] . This FC change in infants and young children may be related to the establishment of intestinal flora in childhood. At present, it is not found that adult age affects the concentration of FC. Therefore, this study concluded that the age difference between the IBD group and the control group had no significant effect on the FC values of the two groups. Open Journal of Gastroenterology In this study, the FC concentration measured by the two detection methods could not effectively distinguish between IBD patients with remission, mild, moderate, or severe active stage. This may be related to the fact that the existing symptom score system of IBD is not completely true and cannot effectively reflect the true intestinal inflammation of IBD. Colonoscopy is the gold standard for detecting intestinal inflammation. The CDAI score, Mayo clinical score, UCAI score and other symptom scoring systems were in poorly consistent with the endoscopic scoring system of IBD, while FC is an indicator that specifically reflects intestinal inflammation. We need to further analyze the relationship between FC and IBD endoscopic inflammation degree and recurrence in subsequent studies.
Conclusion
In summary, our data indicated that FC concentration determined by FEIA can effectively distinguish IBD from functional bowel disease, providing a non-invasive index for screening intestinal inflammation, with broad application prospects in bowel diseases.
